Increasing evidence has indicated an association between gut microbiota in gastrointestinal cancer and clinical outcome. Herein, we aim to develop a prognosis-prediction tool based on an immune-lipid metabolism signature, tumor cell-associated immune microenvironment, and lipid metabolism proteins inferred from the function of gut microbiota.
INTRODUCTION
Treatment regimens based on the TNM staging have diverse outcomes (1) (2) (3) (4) . Recent studies suggest that the gut microbiota influences the pathogenesis and prognosis of digestive tract tumors (3) . The consensus for gastric adenocarcinoma is that an EBV infection is most likely involved. Accordingly, understanding the impact of EBV infection on the survival outcomes may help clinicians predict patients' prognosis (5, 6) .
The gut microbiota affects the metabolism of the host. Changes in the composition of microbiota, meanwhile, may activate the host's immunity and participate in the process of protein secretion to act on the microenvironment, which interacts in a highly coordinated manner (3, (7) (8) (9) . However, their prognostic impact of the host and the markers of prognosis are still lacking. Therefore, enumerating the gut microbiota functional protein components according to their biologic function using bioinformatic analysis may be necessary for improving studies of the diverse biologic response in gastric adenocarcinoma and improve on its clinical management (10) .
Collection of gut microbiologic specimens from patients with EBV-associated (EBVaGC) and EBV-negative (EBVnGC) gastric adenocarcinomas, 16S gene ribosomal RNA sequencing function prediction, and enrichment analysis are accepted methods for studying the effects of gut microbiota on host biologic activities. In the present study, gut microbiota its functional predictive expression was used to estimate the fractions of 21 biomolecules based on clinically annotated gastric cancer proteins expression profiles. Least absolute shrinkage and selection operator (LASSO) Cox regression analysis was used to screen 14 immune-lipid proteins, and then, to establish a compound score, LASSO logistic model was used to provide a statistically powerful means of predicting survival of patients with gastric adenocarcinoma.
METHODS

Study design and patient selection
Subjects were patients who underwent surgical resection of gastric adenocarcinoma at the Affiliated Hospital of Jiangnan University from December 2017 to May 2018. The resected adenocarcinoma tissues were formalin fixed and paraffin embedded. Within 72 hours of resection, the paraffin sections were analyzed with in situ hybridization (ISH) to determine Epstein-Barr virus-encoded RNA (EBER) and EBV latent membrane protein 1 (EBV-LMP1) and EBV nuclear antigen 1 (EBNA1) protein detection via immunohistochemistry (IHC). The patients were classified as EBVaGC and EBVnGC based on on their adenocarcinoma being EBV positive or EBV negative, respectively. The patients were followed up for 3 months and were contacted during the adjuvant before chemotherapy to collect their intestinal feces. This study was approved by the Ethics Review Board at the Affiliated Hospital of Jiangnan University.
Fecal sequencing and data analysis
The feces were collected from each subject in a sterile stool container, frozen immediately with liquid nitrogen, and stored at 280°C. Because fecal samples differed in their collection dates, total bacterial DNA was extracted from the fecal samples within 1 month using the QIAamp DNA Stool Mini Kit (Qiagen, Valencia, CA) with minor adjustments to the manufacturer's protocol. The V3-V4 region of the 16S ribosomal RNA (rRNA) gene was amplified and sequenced on the Illumina MiSeq platform (Illumina, San Diego, CA) in multiple runs, pooling together all 10 samples using a 2 3 250 bp paired-end protocol, according to the manufacturer's instructions. Raw reads from the microbiota sequencing were analyzed using Pandaseq, processed through the QIIME (version 1.8.0), clustered into operational taxonomic units at 97% identity level, and taxonomically assigned via Ribosomal Database Project classifier against the Greengenes database (release 13.5; http://greengenes.secondgenome.com). The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway database was used to predict differences in bacterial biochemical pathways in de novo EBVaGCs and EBVnGCs. P value of ,0.001 was considered statistically significant.
Collection of clinicopathologic variables and tissue samples
Formalin-fixed and paraffin-embedded tissue samples were obtained from 540 patients with gastric adenocarcinoma who underwent major surgery at the Affiliated Hospital of Jiangnan University between 2006 and 2011. For each case, 2 pathologists reviewed all original hematoxylin and eosin-stained sections to confirm the diagnosis of gastric adenocarcinoma. Tissue microarrays (TMAs) were spotted using a Quick-Ray manual TMA spotting (UNITMA, Seoul, Korea). Details on patients' gender, age, tumor size, TNM stage, and Lauren classification were obtained from medical records.
In situ hybridization
The EBER was detected with an EBER ISH kit (TIB Biotechnology, Xiamen, China). Briefly, 4-mm-thick slides were applied to the probe, denatured at 85°C for 10 minutes, and then hybridized at 37°C for 1 hour. The slides were first incubated with an antifluorescein monoclonal antibody and then with DAB as per the manufacturer's protocol. The slides were counterstained with nuclear fast red (11) . Hematoxylin was used for negative controls.
Immunohistochemistry
Serial 4-mm-thick sections of fixed tissue were cut and placed onto glass slides, after which they underwent IHC staining with primary polyclonal antibodies targeting EBV-LMP1, EBNA1, ACOT1, ACOT4, ALCAM, BRAF, PDL1, B7H3, CD4, CD87, CXCL12, CXCL13, fatty acid desaturase (FADS) 2, FADS3, FADS6, hydroxyacyl-CoA dehydrogenase (HADHA), human leukocyte antigens (HLAA), human leukocyte antigens B (HLAB), human leukocyte antigens C (HLAC), PPT1, PPT2, TRAF1, and TRAF2 (all primary antibodies were purchased from Abcam, Hong Kong, China, and are listed in the Supplemental Digital Content 1 [see Table S1 , http://links.lww.com/CTG/A87]). The sections were washed and incubated with an amplification agent and a polymerase. Nuclei were counterstained with hematoxylin. The expression of proteins was scored by 2 pathologists who were blinded and were unaware of all clinical parameters. Where serious discrepancies arose, a final score was determined by reassessment of the staining using a multihead microscope.
Random grouping method of study patients and the study population outcome
The patients were randomized 7:3 to a training or validation set as per the stratified randomization method. Patients were followed up long term by telephone, courier, mail, and in person. Overall survival was the primary endpoint. This was defined as the interval between the date of diagnosis and date of death from any cause. The 5-year survival rate was calculated as the proportion of patients surviving for 5 years after the diagnosis.
Statistical analyses
The differences in continuous and categorical variables between EBVaGC and EBVnGC groups were assessed using one-way analysis of variance and x 2 or Fisher exact tests, respectively. The most appropriate cutoff value for the expression of each protein was obtained by generating receiver operating characteristics (ROC) curves. The cutoff value was defined as that yielding the highest area under the curve (AUC), as a split line. Protein scores were thereafter dichotomized with the cutoff value. Correlations between the KEGG pathways differentially expressed in gut microbiota and IHC protein expression were analyzed by means Clinical and Translational Gastroenterology of Pearson correlation test. Survival curves were constructed as per the Kaplan-Meier method and compared by means of the log-rank test. Hazard ratios (HRs) for univariable analyses were calculated using a univariable Cox proportional hazards regression model. A LASSO-penalized Cox regression model was used to select the most useful prognostic markers among the 14 proteins. A compound LASSO logistic model was then constructed based on the fraction of the selected proteins using logistic regression coefficients in the training set, and the optimal values of the penalty parameter l were determined by 10-fold crossvalidations. The optimal cutoff values were evaluated based on the association between the 5-year survival rate and compound score. Only patients with complete clinical information were included in the multivariable survival analyses. The sensitivity and specificity of the survival prediction based on the compound score were depicted as a time-dependent ROC curve. A multivariable Cox regression model with the enter method was used to determine independent prognostic factors in 2 subgroups of EBV expression (see Figure S1 , Supplemental Digital Content 2, http://links.lww.com/CTG/A88). All statistical tests were 2-sided. P value of ,0.05 was considered statistically significant. Statistical analyses were conducted using R (https://www.R-project.org/), package "survminer" (https:// CRAN.R-project.org/package5survminer), and IBM SPSS Stats (version 20.0; Chicago, IL). This study was conducted and reported in line with the The Transparent Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis (TRI-POD) statement for risk-prediction models (12) .
RESULTS
Microbial composition in patients with EBVaGC and EBVnGC
Ten patients diagnosed with gastric adenocarcinoma had fecal samples available for the study. Four of these patients were positive for EBV in their adenocarcinoma tissues. The microbial composition at the genus level (relative abundance . 1% in the 10 samples) is presented in Figure 1a -1. Bacteroides was the most abundant genus across all samples. The level of Bacteroides in EBVaGCs (31.271 6 6.403) was significantly higher than that in EBVnGCs (3.825 6 1.559) (t 5 5.052, P 5 0.001). The abundance of prevotella_9 in EBVaGCs (0.069 6 0.031) was significantly less than that in EBVnGCs (51.321 6 2.903) (t 5 14.142, P , 0.0001), as shown in Figure 1a -2. Across all 10 fecal samples, species of the Blautia, Veillonella, and Sutterella genera accounted for 7.1%, 6.4%, and 8.2% of the overall microbiota, respectively.
The microbiota at the family level is presented in Figure 1b . The average abundance was 0.1%. The abundance of 8 species was above average in all 10 samples, as shown in Figure 1b (Figure 1b-2) . The linear discriminant analysis coupled with effect size measurements method were used to detect groups or species causing significant differences among the species difference levels, as shown in Figure 1c . The functional contributions of the bacteria in the EBVaGC and EBVnGC samples were predicted based on operational taxonomic units using the Tax4Fun package in R software. A total of 283 KEGG orthologues were found across all samples-most of them belonging to pathways governing metabolism, environmental information processing, cellular processes, organismal systems, and human diseases. The most abundant functional pathways are presented in Figure 1d .
Discrimination of the immune-lipid metabolism functional proteins and derivation of compound score
The difference in the expression of KEGG pathways between the EBVaGC and EBVnGCs groups was obtained from the intestinal bacterial group KEGG analysis. Correlations between the KEGG pathway in gut microbiota and IHC protein expression were analyzed using Pearson correlation test (see Table S1 , Supplemental Digital Content 1, http://links.lww.com/CTG/A87 and Figure S2 , Supplemental Digital Content 2, http://links.lww.com/CTG/A88). The survminer package was used to generate the optimal cutoff values for the fraction of each immune-lipid metabolism functional protein in the 540 patients with gastric adenocarcinoma (see Figure  S3 , Supplemental Digital Content 2, http://links.lww.com/CTG/ A88). Presents a forest plot of the associations between each of the proteins and overall survival. Upregulation of FADS6, CD166, FADS2, B7H3, HLAA, ACOT1, and CXCL12, and downregulation of HLAB, CD87, and TRAF1 increased the risk of survival (P , 0.05) (Figure 2a ). Thereafter, LASSO Cox regression selected 14 prognostic proteins involved in the immune response to tumors or in lipid metabolism or was a microenvironmental marker ( Figure 2b ). LASSO logistic regression analysis was used to build a compound score model in the training set of 378 patients (Figure 2c, d) . The formula for the compound score is presented in Table S4 (see Supplemental Digital Content 1, http://links.lww.com/ CTG/A87). In this formula, protein expression in the compound score fraction level was assigned as 0:1. This was defined as 0 if the fraction of one type of cell was less than the corresponding cutoff value or 1 if otherwise. To assess the accuracy of the compound score for the prognosis of patients with gastric adenocarcinoma, the ROC curve was used to judge the patient's five-year survival status. (Figure 2d ). Patients in the training set were then assigned to a high-or low-compound score group using the cutoff value (0.016). Five-year survival rates were 79.2% and 19.6%, respectively, for the low-and high-compound score groups (HR 5 2.93, 95% confidence interval [CI] 5 2.36-3.71) ( Figure 3a) . The association between the compound score and overall survival was also significant when evaluated in the multivariable Cox regression model (HR 5 2.89, 95% CI 5 2.28-3.61) ( Tables 1 and  2 ). The results of the univariable analyses of clinicopathologic variables are shown in Table S2 (see Supplemental Digital Content 1, http://links.lww.com/CTG/A87).
Validation of the compound score for predicting survival in the validation set and entire set The compound score model underwent internal evaluation using the validation set and entire set. The compound score was standardized across the validation and entire sets. Consistent with the findings in the training set, patients in the high-compound score group had a significantly lower overall survival rate than those in the low-compound score group in both validation set (HR 5 3.43, 95% CI 5 2.36-4.97) ( Figure 3b ) and entire set (HR 5 3.14, 95% CI 5 2.60-3.81) (Figure 3c) . The compound score model was also an independent prognostic factor when analyzed as a binary variable in multivariable analysis using both validation set (HR 5 3.56, 95% CI 5 3.40-5.28) and entire set (HR 5 3.05, 95% CI 5 2.51-3.71) ( Table 2 ). 
Compound score with Lauren classification and adjuvant chemotherapy
Stratification analysis was performed in the entire set of patients grouped by Lauren classification. The compound score differed among patients with different prognosis as per Lauren classification (Lauren intestinal type and diffuse or mixed type), although the result was significant for intestinal (P , 0.01) and diffuse/mixed (Figure 3e ). Based on comparisons between the compound score and Lauren classification in the entire set, the ability of the compound score to predict survival was inferior to that of the Lauren classification for patients with diffuse/mixed. A similar tendency was also observed in both training and validation sets. The compound score identified patients with different prognoses in each chemotherapy variable as a binary (no chemotherapy [CT] and CT) subgroup. There was a survival advantage for patients who received chemotherapy in both low and high compound scores, regardless of the chemotherapy regimen (Figure 3f ).
Compound score and the Epstein-Barr virus infection
To confirm the compound score model and clinicopathologic variable values in different groups of EBV-infected patients, the same formula was applied to patients with an EBVaGC or EBVnGC. Detection of IHC protein detection of EBV-LMP1, EBNA1 and ISH detection of EBER. The difference in the compound score between the EBVaGC group and EBVnGC group was statistically significant (P 5 0.0025) (see Table S5 , Supple (Figure 4c, d) . For EBVnGC, the Cox regression model had an area under the curve of 0.812 (95% CI 5 0.773-0.850) at 3 years and 0.828 (95% CI 5 0.790-0.866) at 5 years. For EBVaGC, the area under the curve was 0.901 (95% CI 5 0.819-0.982) at 3 years and 0.910 (95% CI 5 0.832-0.987) at 5 years.
DISCUSSION
The present study found that the expression of KEGG functional pathways differed between EBVaGC and EBVnGC gut microbiota, and combined with tumor microenvironment and lipid metabolism biomolecules, this combination was predictive of the prognosis of gastric adenocarcinoma. Herein, we have proposed and validated a compound score to predict overall survival after the diagnosis of gastric adenocarcinoma. The compound score is based on the fractions of 8 immune proteins and metabolic proteins. The results show a clear separation of overall survival curves between patients with high and low compound scores. Furthermore, the compound score predicted survival in groups of patients with identical Lauren classification and EBV status, thereby suggesting that this model could have a prognostic value that complements EBV infection.
The role of gut microbiota in carcinogenesis has in the recent years attracted much attention (4, 13) Several studies have reported that the microbiota affects chemotherapy resistance and the prognosis of patients with cancer. In the study of gastric cancer-related microorganisms, Helicobacter pylori is an important tumor-associated microbiota, which affects the occurrence of gastric cancer (14) . However, with the development of tumorassociated gastrointestinal microbial research, the relationship between tumor progression and gut microbiota imbalance has become more important. Accordingly, the transplantation of flora is a suggested treatment for improving the prognosis, which has shown encouraging results in animal subjects (15, 16) . Owing to technical restrictions, however, these studies are limited to evidence from experimental animal models, and the impact of fecal microbiota transplantation on the human body may be more complicated (17) . Moreover, the ability to standardize and repeat the measurement of transplanted flora and the predictability and regulation of biologic functions that are affected is also inherently difficult.
In contrast to previous studies, the candidate immune-lipid metabolism markers used to build the present compound score model were estimated based on 16S gene ribosomal RNA sequencing using the Tax4Fun analysis and linear discriminant analysis effect size (18) (19) (20) . By applying LASSO Cox regression as a statistical method for screening protein variables to remove proteins with more accurate predictions and furthermore by using LASSO logistic regression models to establish the compound score model, the predictive accuracy could be improved significantly. It is worth mentioning that in the process of selecting the S value in the LASSO logistic model operation, we chose 1 standard error instead of the minimum S (see Table S4 , Supplemental Digital Content 1, http://links.lww.com/CTG/A87), although both are commonly used alternatives (Figure 3a) (10, 21) . But in the case where the prediction effect is extremely close, we choose fewer variables in the model. The C-index suggests that the predictive ability of the compound score for survival was inferior to that of Lauren classification for patients receiving no adjuvant chemotherapy. Moreover, the predictive ability of the compound score for survival was inferior to that of EBVaGC. This could be attributed to the universally recognized poor prognosis associated with Lauren classification, EBV infection, and the multiple risk factors affecting prognosis. Therefore, the effect of the immune microenvironment and lipid metabolism proteins on the prognosis of patients with EBV infection is increased (22) (23) (24) . Nonetheless, patients with an EBVaGC and who received no adjuvant chemotherapy are at an increased risk, thereby implying that the compound score and adjuvant chemotherapy could be used to reinforce the prognostic ability of EBVaGC (6, 25) . The value of the compound score was further demonstrated through internal evaluation on a validation set, which indicated good reproducibility. We acknowledge several limitations. First, this study was based on gut microbiota sequencing data for clinical patients, and a minority of these were lost prematurely to follow-up. Moreover, our sample size is relatively small given the effect chemotherapy has on the intestinal flora. Second, the methodology for interpreting biomolecular proteins and the appropriate cutoff value needs to be standardized. Third, given the clinical importance of distinct tumor regions, it would be appropriate to apply the compound score to systematically evaluate gastric adenocarcinoma using TMAs. However, the protein expression assays used here were all derived from a core sample of adenocarcinoma tissue in IHC, making it impossible to use the protein expression results as a continuous variable when establishing the compound score model. Fourth, H. pylori plays a very important role in the progression of gastric inflammation and cancer, and it also affects the prognosis of patients with gastric cancer. In this study, we focus on the gut microbiota; the study of H. pylori and other stomach microbiota with the occurrence and prognosis of gastric cancer will be involved in our future research. Finally, the patients in our study were selected retrospectively, which has potential biases relating to unbalanced clinicopathologic parameters and heterogeneity of treatment that should not be overlooked. In the future, we plan to conduct a prospective study to verify this result.
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